STATOR OF ROTARY ELECTRIC MACHINE AND METHOD FOR MAKING THE SAME 



CROSS REFERENCE TO RELATED APPLICATION 

[0001] This application is based on Japanese Patent Applications No. 2000-127226 
filed on April 27, 2000 and No. 2000-153140 filed on May 24, 2000 the contents of which 
are incorporated herein by reference. 

BACKGROUND OFTHE INVENTION 

1. Field of the Invention: 

[0002] The present invention relates to a stator of a rotary electric machine. 

2. Description of Related Art: 

[0003] JP-A-1 1-299153 discloses an alternator for a vehicle which has a stator with curled 
coil ends. The portions of the coil, disposed between slots which are spaced apart by a 
predetermined pitch, are curled and twisted in a radial direction at the center. Therefore, 
all curled portions of the coil are circumferentially arranged side by side. In this 
arrangement, it is difficult to arrange the curled portions to avoid collisions withjther 
portions, since the coil is widened at the curled portions especially when a thick coifwire 
is used. 

[0004] JP-B-2927288 and JP-A-1 1-164506 disclose alternators for a vehicle having stator 
windings which are made of a plurality of segments welded to each other. In this 
arrangement, the welded portions require a complicated manufacturing process and an 
additional insulating process. 
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SUMMARY OFTHE INVENTION 
[00051 The present invention addresses these drawbacks by providing an improved stator 
arrangement and an improved manufacturing method. 

[0006] It is therefore an object of this invention to provide an improved stator of a rotary 
electric machine. 

[0007J It is a further object of this invention to provide a stator of a rotary electric machine 
which has a novel arrangement of windings. 

[0008] According to a first aspect of the present invention, the stator of the rotary electric 
machine comprises a plurality of sub-winding sets. Each sub-winding set comprises a 
plurality of phase windings. Each of the phase windings is made of a continuous wire 
providing an individual coil on a stator core. The phase windings in the same phase are 
connected via connecting portions provided outside of the stator core. The turn portions 
are arranged on each of the sub-winding sets. Therefore, it is possible to avoid collisions 
between the turn portions. The continuous wire is capable of reducing connections on the 
poly-phase winding. 

[0009] In the present invention, the phase winding may have at least three straight portions 
and two turn portions which are provided by the continuous wire. 

[0010] The sub-winding sets can be mounted on the stator core by shrinking the sub- 
winding sets, inserting the shrunken sub-winding sets into a cavity of the stator core and 
expanding the shrunken sub-winding sets. 
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[001 1 ) According to the another aspect of the present invention, a stator of a rotary electric 
machine comprises a poly-phase winding comprising a plurality of phase windings. Each 
of the phase windings is made of a continuous wire. The turn portions of each windings 
are arranged side by side with respect to a radial direction on one side of the stator core. It 
is possible to avoid collisions between the turn portions since the turn portions are 
arranged side by side. The continuous wire reduces the number of connections on the 
poly-phase winding. 

[0012) The poly-phase winding may be formed by preparing a polyphase wave winding 
having first turn portions, and forming at least two straight portions and a second turn 
portion between them on each of the middle portions of the poly-phase wave winding. 
The second turn portions may be formed by folding the wave winding at a predetermined 
position and shifting the straight portions placed on both sides of the predetermined 
position by a predetermined magnetic pole pitch. The straight portions may be shifted 
before folding. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Other features and advantages of the present invention will be appreciated, ajwell 
as methods of operation and the function of the related parts, from a study of the following 
detailed description, the appended claims, and the drawings, all of which form a part of 
this application. In the drawings: 

[0014] FIG. 1 is a sectional view of an alternator for vehicle according to a first 
embodiment of the present invention; 
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[00151 FIG. 2 is a perspective view of a winding according to the first embodiment of the 
present invention; 

[00161 FIG. 3 is a diagram of the winding according to the first embodiment of the present 
invention; 

[0017] FIG. 4 is a plan view of the coil end according to the first embodiment of the 
present invention; 

[0018] FIG. 5 is a sectional view of the stator according to the first embodiment of the 
present invention; 

[0019] FIG. 6 is a plan view of the coil end viewing from radial outside according to the 
first embodiment of the present invention; 

[0020] FIG. 7 is a plan view of the coil end according to a second embodiment of the 
present invention; 

[0021] FIG. 8 is a sectional view of an alternator for vehicle according to a third 
embodiment of the present invention; ^ 

[0022] FIG. 9 is a perspective view of a winding according to the third embodiment of the 
present invention; 

[0023] FIG 10 is a diagram of the winding according to the third embodiment of the 
present invention; 
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[0024) FIG. 1 1 is a diagram of the winding according to the third embodiment of the 
present invention; 

[0025] FIG. 12 is a diagram of the winding according to the third embodiment of the 
present invention; and 

[0026] FIG. 13 is a sectional view of the stator according to a fourth embodiment of the 
present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0027] An alternator for a vehicle according to a first embodiment of the present invention 
is described with reference to the drawings. FIGS. 1 through 6 show the first embodiment 
of the present invention. FIG. 1 shows a general structure of the alternator. FIG. 2 and 
FIG. 3 show an individual X-phase winding. FIG. 4 shows two X-phase windings. FIG. 5 
shows an arrangement of wires in a slot. FIG. 6 shows a part of an assembled stator 
viewing from a radial outside. 

[0028] The alternator 1 has a shaft rotatably supported on a frame 4. A pulley 20 driven 
by an engine is fixed on a front end of the shaft. A rotor 2 and slip rings 9 and 10 arejixed 
on the shaft 21. The rotor 2 has a pair of pole cores 71 and 72 and a field winding 8 
connected to the slip rings 9 and 10. Each of the pole cores 71 and 72 provides eight 
magnetic poles arranged circumferentially. The magnetic poles define a magnetic pole 
pifch. Cooling fans 1 1 and 12 are disposed on both sides of the rotor 2. 

[0029] A stator 3 is supported on the frame 4 having a cylindrical stator core 32 and a 
stator winding 31. The stator core 32 is located opposite to the magnetic poles of the rotor 



2. The stator core 32 has slots 35 which open on axial ends and radially inside the stator 
core 32. As shown in FIG. 5, an insulator 34 insulates an inside surface from 
accommodated windings 31. Each of the slots 35 provides four positions in radially 
arranged layers to accommodate portions of wires. 

[0030J The stator winding 31 has portions accommodated in the slots 35 and a first and 
second coil end groups 312a. The wires are aligned in a radial direction in the slots 35. 

[0031J The frame 4 has a pair of axial inlet openings .41 located on front and rear side 
walls and a pair of radial outlet openings 42 located radially outside of the first and second 
coil end groups 312a and 312b. The frame 4 may further support a control member having 
a three-phase rectifier and an output terminal 6. 

[0032] In operation, an engine rotates the pulley 20, field current is supplied to the field 
winding 8 through the slip rings 9 and 10. The rotor 2 rotates and generates a rotating 
magnetic field to induce an AC current in the stator winding 31. The induced current in 
the stator winding 3 1 is rectified and supplied as DC power through the output terminal 6. 
The cooling fan 11 generates cooling wind flowing through the second coil end group 
312a. The cooling fan 12 generates cooling wind flowing through the first coil endj-oup 
312a. 

[0033] The stator winding 31 has two sub-winding sets 31a and 31b. Each of the sub- 
winding sets has three individual phase windings, X, Y and Z-phase windings. Therefore, 
the stator 31 has two individual windings having the same electric phase. For instance, a 
phase winding Xa in a first sub-winding set and a phase winding Xb in a second sub- 
winding set are connected to provide a X-phase winding of the poly-phase winding. The 
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phase windings may be connected in either series or parallel. The connections are 
provided outside of the stator core after all of the phase windings are mounted on the stator 
core 32. 

[00341 As shown in FIG.2 and FIG. 3, the phase winding is made of a continuous jointless 
wire. The continuous wire provides at least one individual coil on the stator core 32. For 
instance, the continuous wire has at least three straight portions 31 la. In this embodiment, 
the continuous wire provides an individual coil fully around the stator core 32. 

[0035] The phase winding Xa in the first winding set has a start end 3120, a finish end 
3121, a plurality of straight portions 31 la and a plurality of turn portions 312c. The turn 
portions 312c form the coil end groups 312a on opposite sides. The straight portions 311a 
occupy outer layers 31al and inner layers 31a2. The outer layers 31al and inner layers 
3 1 a2 are stacked in a radial direction in the slots 35. 

[0036] Each turn portion 312c connects a pair of straight portions 311a which are disposed 
in different slots 35, spaced apart by the magnetic pole pitch and disposed in the adjacent 
layer positions in their corresponding slots. For instance, each turn portion 312c connects 
an outer layer 31al and an inner layer 31a2 in different slots. Therefore, the slight 
portions 31 la which are radially adjacent in the same slot are connected to each different 
turn portions extending in opposite directions. 

[0037] The turn portion 312c has a center portion 311 twisted in a radial direction to 
provide a radial step and a pair of half portions 313 and 314 shifted a predetermined radial 
distance connected to opposite side of the center portion. The center portions 311 are also 
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bent so that the pair of half portions 313 and 314 are inclined. The center portions 311 are 
placed on teeth formed between the slots 35 since the half portions have the same length. 

[00381 The straight portions 311a and the turn portions 312c are alternately connected to 
form a wave winding from the start end 3 120 to a thirty-fourth slot in ascending order. An 
irregular turn portion 312d is used between the thirty-fourth and first slots to provide a 
reverse connection. Then/a reverse wave winding is formed from the first slot to the 
finish end 3121 through a fourth slot in descending order. Therefore, the phase winding is 
wound around the stator core two times. The irregular turn portion 312d is not twisted to 
connect the straight portions 3 1 1 a in the same layer. 

[0039] The phase windings Ya and Za of the first sub-winding set are also formed in a 
similar manner for different slots. Each of the phase windings may be composed of a 
wave winding which is wound around the stator core once. 

[0040] In a manufacturing process, each of the phase windings are individually formed 
and arranged into a cylindrical arrangement as the first sub-winding set. The phase 
windings can be assembled by loosening each phase windings and by separating the wave 
windings. The cylindrical first sub-winding set is shrunken, to reduce a diame^r by 
compressing from outside, and inserted into a center cavity of the stator core 32. Then, the 
shrunken sub-winding set is expanded to insert the straight portions 311a into the slots 35. 
It is preferable to use a spring back force to expand the shrunken sub-winding set. 

[0041] Further, the second sub-winding set is formed and inserted in a similar manner. 
After that, ends 322 protruded from the teeth formed between the slots 35 are plastically 
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deformed for narrowing the width of the inner openings of the slots 35. The sub-winding 
set may be manufactured by a method described in the following embodiment. 

[00421 The phase windings in the same electric phase are connected in series to provide a 
single phase winding in the poly-phase winding 31. For instance, the. phase winding Xa 
and Xb are connected in series via a connection 3200. The poly-phase winding 31 may 
have a star connection or a ring connection. These connections between the phase 
windings are formed outside the stator core 32. 

[0043] As shown in FIG. 4, 5 and 6, one of the sub-winding sets 31a or 31b occupies two 
radially adjacent pair of layers in the slot 35. The phase winding Xa in the first sub- 
winding set occupies the outer-most layer and the outer-middle layer. The phase winding 
Xb in the second sub-winding set occupies the inner-middle layer and the inner-most layer. 
The same applies to the other phases. The half portions 313 and 314 on the same layer are 
inclined in the same direction and are circumferentially spaced apart. Further, the half 
portions in the same layer are inclined in the different direction to the half portions in the 
adjacent layer. For instance, the half portions 313 in the outer-most layer cross the half 
portions 3 1 4 in the outer-middle layer. J - 

[0044] In this embodiment, each of the sub-winding sets 31a and 31b are radially stacked 
in the slots 35. Therefore, the turn portions 312c are arranged side by side with respect to 
a radial direction on both sides of the stator core. The rum portions 312c are regularly 
arranged to avoid collisions except for regions in which the irregular turn portions 312d 
are disposed. Almost all of the turn portions 312c have gaps between them. The rum 
portions 312d and the turn portions 312c crossing with the turn portion 312d may have 
extra length and more complicated shape to avoid each other. 



[00451 FIG. 7 shows a second embodiment of the present invention. The poly-phase 
winding has two sub-winding sets which are arranged circumferentially. Therefore, 
straight portions 100 and 101, straight portions 102 and 103, and turn portions 412c are 
arranged circumferentially. As a result, a poly-phase winding which has four turns (4T) in 
each phase is provided. The slot 351 has a narrower width than that of the teeth 321 
formed between slots 351 to provide wider gaps between the turn portions 412c. 

[0046] In the first and second embodiment, more sub-winding sets may be used to provide 
more wires in the slot to achieve a desired output: For instance, additional third and fourth 
sub-winding sets can be used. The poly-phase winding described in the second 
embodiment may be used as the sub-winding set in the first embodiment to provide an 8T 
winding. 

[0047] FIGS. 8 through 12 show a third embodiment of the present invention. FIG. 8 
shows a general structure of the alternator. FIG. 9 through FIG. 12 show a manufacturing 
process of an individual phase winding. 

[0048] The alternator 1 has a similar construction to the first embodiment except .for a 
poly-phase winding 531, The poly-phase winding 531 has portions 502 accornmodi|d in 
the stator core 32, a first coil end group 510 disposed on a rear side and a second coil end 
group 520 disposed on a front side. The first coil end group 510 has inner coil end 512 
and outer coil ends 514 which are arranged side by side with respect to a radial direction. 
The inner and outer coil ends 512 and 514 are arranged circumferentially in a concentric 
arrangement. The second coil end group 520 has large coil ends 522 and small coil ends 
524 which are arranged in a surrounding manner. The large coil ends 522 surround the 
small coil ends 524. The coil ends are regularly arranged except for regions where 
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irregular coil ends are disposed. The coil ends are regularly arranged to avoid collisions. 
Almost all of the coil ends have gaps between them. 

[0049] In a manufacturing process, the poly-phase winding is individually formed and 
assembled with the stator core 32. The poly-phase winding is a three phase winding that 
has X, Y and Z windings. The following process simultaneously forms these three 
windings. 

[0050] FIG. 9 shows a phase winding X after a first step. FIG. 10 shows a wiring diagram 
of the phase winding X. Two wave windings are formed in a first step. The phase 
winding X is made of a continuous jointless wire from a start end 540 to a finish end 550. 
The phase winding X is arranged into a cylindrical shape. 

[0051] The winding has straight portions 530 and turn portions 512 and 514 as the inner 
and outer coil ends. The straight portions 530 have inner layers 532 and outer layers 534. 
The turn portions 512 and 514 have regular turn portions 512a and 514a and an irregular 
turn portion 514b. The straight portions 530 and the turn portions 512 and 514 are 
alternately connected to form a wave winding from the start end 540 to a thirty- fourth slot 
in order ascending. An irregular turn portion 514b is used between the thirty- fourfff and 
first slots to provide a reverse connection. Then, a reverse wave winding is formed from 
the first slot to the finish end 550 through a fourth slot in order descending. 

[0052] The turn portions 512 and 514 connect a pair of two straight portions 530 which 
are spaced apart by a predetermined magnetic pole pitch. The regular turn portions 512a 
and 514a are twisted to connect the straight portions 530 in the different layers 532 and 
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534. The irregular turn portion 514b is not twisted to connect the straight portions 530 in 
the same layers 532. 

[0053] FIG. 11 shows the phase winding X after a second step. In the second step, two 
straight portions 502 and shifting portions 505 are formed by twisting the straight portions 
530. The straight portions 502 are formed as portions accommodated in the slots. Each of 
the straight portions 502 has a length corresponding to an axial length of the stator core 32. 
The shifting portions 505 are formed as the second coil end group 520 in the center of the 
straight portions 530. The shifting portions 505 are shifted by a magnetic pole pitch. For 
instance, the sifting portions 505 offset corresponding straight portions 502 by three slots. 
In FIGS. 10 and 11, the solid line indicates outer layers and the broken line indicates inner 
layers. 

[0054] FIG. 12 shows the phase winding after a third step. The windings are folded at the 
center of the shifting portions 505 to form the second coil end group 520. As a result, the 
phase winding X has four layered straight portions 502. In FIG. 12, the solid line indicates 
outer-most layers, the broken line indicates outer-middle layers, the chain line indicates 
r-most layers and the chain double-dashed line indicates inner-middle layers. ^ . 
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[0055] The phase windings Y and Z are also formed with the phase winding X from the 
first step in a similar manner. Therefore, a cylindrically arranged poly-phase winding 
which has three phase windings is provided. The poly-phase winding is mounted on the 
stator core 32 and assembled into a star or ring connection in the same manner as 
described in the first embodiment. 
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[0056] In this embodiment, almost all of the turn portions are regularly arranged to prevent 
collisions. This avoids the need for an extra bending process, complex shaped turn 
portions or an extra length of the turn portion so as to prevent collisions. It is possible to 
reduce a joining process between conductor segments and an additional insulating process. 

(00571 In the third embodiment, the ends 540 and 550 extend from the first coil end group 
510. However, the ends 540 and 550 may extend from the second coil end group 520 by 
providing the ends 540 and 550 on the center of the straight portions 530. 

[0058] FIG. 13 shows a fourth embodiment of the present invention. In this embodiment, 
the winding is folded three times to provide six wires in the slot. The stator 603 has a first 
coil end group 610 and a second coil end group 620. The first coil end group 610 has a 
surrounding coil end group 612 which has large coil ends 614 and small coil ends 616. 
The first coil end group 610 also has inner coil ends 618. Therefore, the surrounding coil 
end group 612 also provides outer coil ends paired with the inner coil ends 618. Likewise, 
the second coil end group 620 has a surrounding coil end group 622 which has large coil 
ends 624 and small coil ends 626. The first coil end group 620 also has outer coil ends 
628 to be paired with the surrounding coil end group 622. Therefore, the winding provides 
the concentric arrangement and the surrounding arrangement on both sides. -~ 

[0059] A flat or rectangular cross section wire may be used instead of a round cross 
section wire. Each wire may be composed of a plurality of fine wires to provide a flexible 
cross section. This wire can be inserted into the slots without the deforming process even 
when the inner opening is narrower. Further, it is possible to help the plastic deformation 
of the ends 322 by heating the portion to be deformed by supplying current in a 
concentrated manner. 
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[0060] The present invention may apply to a stator which has an even number of 
accommodated portions layered in one of the slot. The poly-phase winding may have 
more than three phase windings. The number of slots 35 is variable according to the 
number of magnetic poles and the number of phases. The present invention may apply to 
a generator, a motor or a rotary electric machine that selectively acts as a generator and a 
motor. The present invention may apply to a stator of an alternator for vehicle such as 
passenger vehicle, truck and shipping. 

[0061] Although the present invention has been described in connection with the preferred 
embodiments thereof with reference to the accompanying drawings, it is to be noted that 
various changes and modifications will be apparent to those skilled in the art. Such 
changes and modifications are to be understood as being included within the scope of the 
present invention as defined in the appended claims. 
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